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SYSTEMS AND METHODS FOR FAN tion is sometimes provided to various sensors , configuration 
TYPING AND ANOMALY DETECTION checking elements , and / or thermal control mechanisms . 

BACKGROUND SUMMARY 
5 

Field of the Disclosure In one aspect , a disclosed information handling system 
includes at least one processor , and a memory medium 

This disclosure relates generally to information handling coupled to the at least one processor and storing program 
instructions . When executed by the at least one processor , systems and , more particularly , to systems and methods for 

fan typing and anomaly detection . 10 the program instructions cause the information handling 
system to supply a pulse width modulation ( PWM ) control 

Description of the Related Art signal with a first PWM duty cycle to an input of a given fan , 
the first PWM duty cycle being greater than or equal to a 
predetermined threshold duty cycle , receive a tachometer As the value and use of information continues to increase , 

individuals and businesses seek additional ways to process 15 signal output by the given fan while the PWM control signal 
has the first PWM duty cycle , the tachometer signal includ and store information . One option available to users is ing a pair of pulses for each rotation of the given fan such information handling systems . An information handling that the frequency of the tachometer signal expressed in system generally processes , compiles , stores , and commu terms of revolutions per minute ( RPM ) is proportional to the 

nicates information or data for business , personal , or other 20 speed of the given fan , compare the frequency of the 
purposes thereby allowing users to take advantage of the tachometer signal output by the given fan while the PWM 
value of the information . Because technology and informa- control signal has the first PWM duty cycle to an expected 
tion handling needs and requirements vary between different tachometer frequency for fans of a first fan type when 
users or applications , information handling systems may receiving a PWM control signal of the first PWM duty cycle , 
also vary regarding what information is handled , how the 25 and responsive to determining , based on the comparison , 
information is handled , how much information is processed , that the given fan is a fan of the first fan type , provide an 
stored , or communicated , and how quickly and efficiently indication that the given fan is a fan of the first fan type to 
the information may be processed , stored , or communicated . a fan controller . 
The variations in information handling systems allow for In any of the disclosed embodiments , the first fan type 
information handling systems to be general or configured for 30 may be an expected fan type for the given fan . 
a specific user or specific use such as financial transaction In any of the disclosed embodiments , the expected 
processing , airline reservations , enterprise data storage , or tachometer frequency may be dependent on a curve speci 
global communications . In addition , information handling fied for fans of the first fan type on which tachometer 
systems may include a variety of hardware and software frequency values expressed in terms of revolutions per 
components that may be configured to process , store , and 35 minute are plotted against PWM duty cycle values . 
communicate information and may include one or more In any of the disclosed embodiments , when executed by 
computer systems , data storage systems , and networking the at least one processor , the program instructions may 
systems . further cause the information handling system to , responsive 

Various types of computer fans are used to provide to determining , based on the comparison , that the given fan 
cooling in information handling systems . For example , a 40 is not a fan of the first fan type compare , in a second 
server system may support the use of several different types comparison , the frequency of the tachometer signal output 
of fans in a variety of configurations . The configuration of by the given fan while the PWM control signal has the first 
any given system may be based on criteria such as inventory , PWM duty cycle to an expected tachometer frequency for 
performance requirements , memory requirements , or the fans of a second fan type when receiving a PWM control 
target environment among other things . Different fan one signal of the first PWM duty cycle , and responsive to 
trol mechanisms are used to balance tradeoffs between the determining , based on the second comparison , that the given 
cooling capacities of the fans and the noise they generate . fan is a fan of the second fan type , provide an indication that 
Thermal controlled fans operatebysensing the temperature the given fan is a fan of the second fan type to the fan 
of computing devices and then increasing or decreasing the controller . 
speed of the fan to regulate the temperature inside the system 50 In any of the disclosed embodiments , the information 
and prevent devices from failing due to overheating . Pulse- handling system may further include a plurality of fan slots , 
width modulation ( PWM ) is another common method of each fan slot being configured for installation of a respective 
controlling computer fans . In a PWM - controlled fan , the fan into the fan slot . The given fan may be installed in a first 
speed is controlled by the fan based on a PWM control one of the plurality of fan slots . When executed by the at 
signal input , with the duty cycle of the PWM control signal 55 least one processor , the program instructions may further 
determining the fan speed . cause the information handling system to compare the 

Recently , fan typing capabilities have been added to many frequency of the tachometer signal output by the given fan 
motherboards and fan modules to differentiate standard fans while the PWM control signal has the first PWM duty cycle 
from high performance fans . High performance fans may be to a minimum tachometer frequency for fans of multiple fan 
optional in some applications but may be required in certain 60 types , and responsive to determining that the frequency of 
high power configurations . Typically , fan typing is provided the tachometer signal output by the given fan while the 
using dedicated circuitry and wiring , and can only grossly PWM control signal is less than the minimum tachometer 
determine the fan type . For example the circuitry might frequency for fans of multiple fan types , provide an indica 
only be able to determine whether or not a fan is present in tion of a potential failure or performance degradation of the 
a particular fan slot or whether an installed fan is , in general 65 given fan to the fan controller . 
terms , a " high performance ” fan or a " standard ” fan with no In any of the disclosed embodiments , when executed by 
additional specificity . The result of the fan type determina- the at least one processor , the program instructions may 
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further cause the information handling system to calculate a may further include obtaining an identifier associated with a 
first average frequency of the tachometer signal output by hardware configuration of the information handling system , 
the given fan during a first time period in which the PWM and determining the expected fan type based on the obtained 
control signal has the first PWM duty cycle , generate a first identifier . 
data structure representing a histogram including multiple 5 In any of the disclosed embodiments , the method may 
bins , wherein each bin represents a respective range of further include , in response to determining that the first fan 
tachometer frequency values for the tachometer signal out- is not a fan of the first fan type , comparing , by a second 
put by the given fan during the first time period and each bin comparison , the frequency of the tachometer signal output 
is associated with a respective count value indicating the by the first fan while the PWM control signal has the first 
number of occurrences of a tachometer frequency value for 10 PWM duty cycle to an expected tachometer frequency for 
the tachometer signal falling within the respective range of fans of a second fan type when receiving a PWM control 
tachometer frequency values represented by the bin during signal of the first PWM duty cycle , and in response to 
the first time period , determine a predetermined number of determining , based on the second comparison , that the first 
top bins associated with the highest respective count values fan is a fan of the second fan type , providing an indication 
in the first data structure , and save reference data represent- 15 that the first fan is a fan of the second fan type to the fan 
ing one or more of the calculated average frequency , iden- controller . 
tifiers of the top bins in the first data structure , and the In any of the disclosed embodiments , the method may 
respective count values associated with the top bins . The further include calculating a first average frequency of the 
program instructions may further cause the information tachometer signal output by the first fan during a first time 
handling system to calculate a second average frequency of 20 period in which the PWM control signal has the first PWM 
the tachometer signal output by the given fan during a duty cycle , generating a first data structure representing a 
second time period in which the PWM control signal has the histogram including multiple bins , wherein each bin repre 
first PWM duty cycle , generate a second data structure sents a respective range of tachometer frequency values for 
representing a histogram including multiple bins , wherein the tachometer signal output by the first fan during the first 
each bin represents a respective range of tachometer fre- 25 time period and each bin is associated with a respective 
quency values for the tachometer signal output by the given count value indicating the number of occurrences of a 
fan during the second time period and each bin is associated tachometer frequency value for the tachometer signal falling 
with a respective count value indicating the number of within the respective range of tachometer frequency values 
occurrences of a tachometer frequency value for the tachom- represented by the bin during the first time period , deter 
eter signal falling within the respective range of tachometer 30 mining a predetermined number of top bins associated with 
frequency values represented by the bin during the second the highest respective count values in the first data structure , 
time period , determine a predetermined number of top bins and saving reference data representing one or more of the 
associated with the highest respective count values in the calculated average frequency , identifiers of the top bins in 
second data structure , compare data representing one or the first data structure , and the respective count values 
more of the calculated second average frequency , identifiers 35 associated with the top bins . 
of the top bins in the second data structure , and the respec- In any of the disclosed embodiments , the method may 
tive count values associated with the top bins in the second further include calculating a second average frequency of 
data structure to the saved reference data , and responsive to the tachometer signal output by the first fan during a second 
detecting a discrepancy between the data representing the time period in which the PWM control signal has the first 
calculated second average frequency , identifiers of the top 40 PWM duty cycle , generating a second data structure repre 
bins in the second data structure , or the respective count senting a histogram including multiple bins , wherein each 
values associated with the top bins in the second data bin represents a respective range of tachometer frequency 
structure and the saved reference data , provide an indication values for the tachometer signal output by the first fan during 
of an anomaly associated with the given fan to the fan the second time period and each bin is associated with a 
controller . 45 respective count value indicating the number of occurrences 

In another aspect , a disclosed method is for fan typing and of a tachometer frequency value for the tachometer signal 
anomaly detection . The method may include causing a pulse falling within the respective range of tachometer frequency 
width modulation ( PWM ) control signal with a first PWM values represented by the bin during the second time period , 
duty cycle to be provided to an input of a first fan , the first determining a predetermined number of top bins associated 
PWM duty cycle being greater than or equal to a predeter- 50 with the highest respective count values in the second data 
mined threshold duty cycle , receiving a tachometer signal structure , comparing data representing one or more of the 
output by the first fan while the PWM control signal has the calculated second average frequency , identifiers of the top 
first PWM duty cycle , the tachometer signal including a pair bins in the second data structure , and the respective count 
of pulses for each rotation of the first fan such that the values associated with the top bins in the second data 
frequency of the tachometer signal expressed in terms of 55 structure to the saved reference data , and in response to 
revolutions per minute ( RPM ) is proportional to the speed of detecting a discrepancy between the data representing the 
the first fan , comparing the frequency of the tachometer calculated second average frequency , identifiers of the top 
signal output by the first fan while the PWM control signal bins in the second data structure , or the respective count 
has the first PWM duty cycle to an expected tachometer values associated with the top bins in the second data 
frequency for fans of a first fan type when receiving a PWM 60 structure and the saved reference data , providing an indica 
control signal of the first PWM duty cycle , determining , tion of an anomaly associated with the first fan to the fan 
based on the comparison , whether or not the first fan is a fan controller . 
of the first fan type , and providing an indication of whether In any of the disclosed embodiments , the method may 
or not the first fan is a fan of the first fan type to a fan further include determining that the anomaly associated with 
controller . 65 the first fan represents a failure or performance degradation 

In any of the disclosed embodiments , the first fan type of the first fan , and taking corrective action to mitigate the 
may be an expected fan type for the first fan , and the method anomaly . 
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In any of the disclosed embodiments , the method may of the first fan type , compare the frequency of the tachom 
further include determining that the anomaly associated with eter signal output by the given fan while the PWM control 
the first fan is frequency - specific , and configuring the fan signal has the first PWM duty cycle to an expected tachom 
controller to avoid one or more frequencies associated with eter frequency for fans of a second fan type when receiving 
the anomaly . a PWM control signal of the first PWM duty cycle , and 

In any of the disclosed embodiments , the method may responsive to determining , based on the comparison , that the further include , subsequent to determining that the first fan given fan is a fan of the second fan type provide an is a fan of the first fan type , causing a pulse width modu indication that the given fanis a fan of the second fan type lation ( PWM ) control signal with a second PWM duty cycle to the fan controller . to be provided to an input of a second fan , the second PWM 10 In any of the disclosed embodiments , when executed by duty cycle being greater than or equal to the predetermined 
threshold duty cycle , receiving a tachometer signal output the at least one processor , the instructions may further cause 

the information handling system to calculate a first average by the second fan while the PWM control signal has the 
second PWM duty cycle , comparing , in a second compari frequency of the tachometer signal output by the given fan 
son , the frequency of the tachometer signal output by the 15 during a first time period in which the PWM control signal 
second fan to an expected tachometer frequency for fans of has the first PWM duty cycle , generate a first data structure 
a second fan type when receiving a PWM control signal of representing a histogram including multiple bins , wherein 
the second PWM duty cycle , determining , based on the each bin represents a respective range of tachometer fre 
second comparison , that the second fan is a fan of the second quency values for the tachometer signal outputbythe given 
fan type , and providing an indication that the second fan is 20 fan during the first time period and each bin is associated 
a fan of the second fan type to the fan controller . with a respective count value indicating the number of 

In any of the disclosed embodiments , the method may occurrences of a tachometer frequency value for the tachom 
further include prior to comparing the frequency of the eter signal falling within the respective range of tachometer 
tachometer signal output by the first fan to the expected frequency values represented by the bin during the first time 
tachometer frequency , ramping the PWM duty cycle of the 25 period , determine a predetermined number of top bins 
PWM control signal up to the predetermined threshold duty associated with the highest respective count values in the 
cycle from an initial lower duty cycle , and subsequent to first data structure , and save reference data representing one 
comparing the frequency of the tachometer signal output by or more of the calculated average frequency , identifiers of 
the first fan to the expected tachometer frequency , returning the top bins in the first data structure , and the respective 
the PWM control signal to the initial lower duty cycle . 30 count values associated with the top bins . 

In any of the disclosed embodiments , causing the PWM In any of the disclosed embodiments , when executed by 
control signal with the first PWM duty cycle to be provided the at least one processor , the instructions may further cause 
to the input of the first fan , receiving the tachometer signal the information handling system to calculate a second aver 
output by the first fan , comparing the frequency of the age frequency of the tachometer signal output by the given 
tachometer signal output by the first fan to the expected 35 fan during a second time period in which the PWM control 
tachometer frequency , determining whether or not the first signal has the first PWM duty cycle , generate a second data 
fan is a fan of the first fan type , and providing the indication structure representing a histogram including multiple bins , 
of whether or not the first fan is a fan of the first fan type to wherein each bin represents a respective range of tachometer 
a fan controller may be performed in response to an initia- frequency values for the tachometer signal output by the 
tion of a power - on - self - test or a change in a hardware 40 given fan during the second time period and each bin is 
configuration of the information handling system . associated with a respective count value indicating the 

In yet another aspect , a disclosed article of manufacture number of occurrences of a tachometer frequency value for 
includes a non - transitory , computer - readable memory the tachometer signal falling within the respective range of 
medium including instructions that , when executed by at tachometer frequency values represented by the bin during 
least one processor of an information handling system , cause 45 the second time period , determine a predetermined number 
the information handling system to provide a pulse width of top bins associated with the highest respective count 
modulation ( PWM ) control signal with a first PWM duty values in the second data structure , compare data represent 
cycle to an input of a given fan , the first PWM duty cycle ing one or more of the calculated second average frequency , 
being greater than or equal to a predetermined threshold identifiers of the top bins in the second data structure , and 
duty cycle , receive a tachometer signal output by the given 50 the respective count values associated with the top bins in 
fan while the PWM control signal has the first PWM duty the second data structure to the saved reference data , and 
cycle , the tachometer signal including a pair of pulses for responsive to detecting a discrepancy between the data 
each rotation of the given fan such that the frequency of the representing the calculated second average frequency iden 
tachometer signal expressed in terms of revolutions per tifiers of the top bins in the second data structure , or the 
minute ( RPM ) is proportional to the speed of the given fan , 55 respective count values associated with the top bins in the 
compare the frequency of the tachometer signal output by second data structure and the saved reference data , provide 
the given fan while the PWM control signal has the first an indication of an anomaly associated with the given fan to 
PWM duty cycle to an expected tachometer frequency for the fan controller . 
fans of a first fan type when receiving a PWM control signal 
of the first PWM duty cycle , determine , based on the 60 BRIEF DESCRIPTION OF THE DRAWINGS 
comparison , whether or not the given fan is a fan of the first 
fan type , and provide an indication of whether or not the For a more complete understanding of the present inven 
given fan is a fan of the first fan type to a fan controller . tion and its features and advantages , reference is now made 

In any of the disclosed embodiments , when executed by to the following description , taken in conjunction with the 
the at least one processor , the instructions may further cause 65 accompanying drawings , in which : 
the information handling system to , responsive to determin- FIG . 1 is a block diagram illustrating selected elements of 
ing , based on the comparison , that the given fan is not a fan an embodiment of an information handling system ; 
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FIG . 2 is a flow diagram illustrating selected elements of sequential access storage device ( e.g. , a tape disk drive ) , 
an embodiment of a method for fan typing ; compact disk , CD - ROM , DVD , random access memory 

FIG . 3 is a graphical representation of several example ( RAM ) , read - only memory ( ROM ) , electrically erasable 
duty cycle curves for fans of two different fan types ; programmable read - only memory ( EEPROM ) , or flash 
FIG . 4 is a graphical representation of several example 5 memory ( SSD ) ; as well as communications media such as 

duty cycle curves for fans of two additional fan types ; wires , optical fibers , microwaves , radio waves , and other 
FIG . 5 is a flow diagram illustrating selected elements of electromagnetic or optical carriers ; or any combination of 

an embodiment of a method for a management controller to the foregoing 
perform fan typing in an information handling system ; As will be described in further detail , the inventors of the 
FIG . 6 is a flow diagram illustrating selected elements of 10 present disclosure have developed systems and methods 

an embodiment of a method for anomaly detection for a fan disclosed herein for fan typing and anomaly detection for 
based on changes in a tachometer signal received from the fans included in , or coupled to , information handling sys 
fan ; tems . In at least some embodiments , the disclosed tech 
FIG . 7 is a flow diagram illustrating selected elements of niques are not dependent on dedicated fan typing circuitry or 

an embodiment of a method for detecting and mitigating an 15 wiring and can distinguish between many different types of 
anomaly associated with a fan in an information handling fans with different electrical specifications . The disclosed 
system ; and techniques may also be used for anomaly detection , such as 

FIG . 8 is a graphical representation of multiple histo- when a fan is missing , has failed , or is experiencing a 
grams in which tachometer signal readings are plotted temporary , permanent , or frequency - specific performance 
against different duty cycles , according to some embodi- 20 degradation . 
ments . Particular embodiments are best understood by reference 

to FIGS . 1-8 , in which like numbers are used to indicate like 
DESCRIPTION OF PARTICULAR and corresponding parts . 

EMBODIMENT ( S ) Turning now to the drawings , FIG . 1 illustrates a block 
25 diagram depicting selected elements of an embodiment of 

In the following description , details are set forth by way information handling system 100. It is noted that FIG . 1 is 
of example to facilitate discussion of the disclosed subject not drawn to scale but is a schematic illustration . As 
matter . It should be apparent to a person of ordinary skill in described herein , in at least some embodiments , information 
the field , however , that the disclosed embodiments are handling system 100 may represent a personal computing 
exemplary and not exhaustive of all possible embodiments . 30 device , such as a personal computer system , a desktop 
As used herein , a hyphenated form of a reference numeral computer , a laptop computer , a notebook computer , etc. , 

refers to a specific instance of an element and the un- operated by a user . In various embodiments , information 
hyphenated form of the reference numeral refers to the handling system 100 may be operated by the user using a 
collective or generic element . Thus , for example , widget keyboard and a mouse ( not shown ) . 
“ 72-1 ” refers to an instance of a widget class , which may be 35 As shown in FIG . 1 , components of information handling 
referred to collectively as widgets “ 72 ” and any one of system 100 may include , but are not limited to , a processor 
which may be referred to generically as a widget “ 72 ” . subsystem 120 , which may comprise one or more proces 

For the purposes of this disclosure , an information han- sors , and system bus 125 that communicatively couples 
dling system may include an instrumentality or aggregate of various system components to processor subsystem 120 
instrumentalities operable to compute , classify , process , 40 including , for example , a memory subsystem 130 , an I / O 
transmit , receive , retrieve , originate , switch , store , display , subsystem 140 , local storage resource 150 , and a network 
manifest , detect , record , reproduce , handle , or utilize various interface 160. System bus 125 may represent a variety of 
forms of information , intelligence , or data for business , suitable types of bus structures , e.g. , a memory bus , a 
scientific , control , entertainment , or other purposes . For peripheral bus , or a local bus using various bus architectures 
example , in various embodiments , an information handling 45 in selected embodiments . For example , such architectures 
system may be a personal computer , a PDA , a consumer may include , but are not limited to , Micro Channel Archi 
electronic device , a network storage device , or another tecture ( MCA ) bus , Industry Standard Architecture ( ISA ) 
suitable device and may vary in size , shape , performance , bus , Enhanced ISA ( EISA ) bus , Peripheral Component 
functionality , and price . In other embodiments , an informa- Interconnect ( PCI ) bus , PCI - Express bus , HYPERTRANS 
tion handling system may be one of multiple computing 50 PORTTM ( HT ) bus , and VIDEO ELECTRONICS STAN 
devices in a large server system . An information handling DARDS ASSOCIATIONTM ( VESA ) local bus . 
system may include memory , one or more processing In FIG . 1 , network interface 160 may be a suitable system , 
resources such as a central processing unit ( CPU ) or hard- apparatus , or device operable to serve as an interface 
ware or software control logic . Additional components of between information handling system 100 and a network . 
the information handling system may include one or more 55 More specifically , network interface 160 may enable infor 
storage devices , one or more communications ports for mation handling system 100 to communicate over a network 
communicating with external devices as well as various ( not shown ) using a suitable transmission protocol or stan 
input and output ( I / O ) devices , such as a keyboard , a mouse , dard . The network may include , or be part of , a storage area 
and a video display . The information handling system may network ( SAN ) , a personal area network ( PAN ) , a local area 
also include one or more buses operable to transmit com- 60 network ( LAN ) , a metropolitan area network ( MAN ) , a wide 
munication between the various hardware components . area network ( WAN ) , a wireless local area network 

For the purposes of this disclosure , computer - readable ( WLAN ) , a virtual private network ( VPN ) , an intranet , the 
media may include an instrumentality or aggregation of Internet or another appropriate architecture or system that 
instrumentalities that may retain data and / or instructions for facilitates the communication of signals , data and messages 
a period of time . Computer - readable media may include , 65 ( generally referred to as data ) . In some embodiments , net 
without limitation , storage media such as a direct access work interface 160 may be communicatively coupled via a 
storage device ( e.g. , a hard disk drive or floppy disk ) , a network to a network storage resource ( not shown ) . The 
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network coupled to network interface 160 may transmit data firmware 192 , representing pre - boot instructions executable 
using a desired storage or communication protocol , includ- by processor subsystem 120 , for example , for preparing 
ing , but not limited to , Fibre Channel , Frame Relay , Asyn- information handling system 100 to boot by activating 
chronous Transfer Mode ( ATM ) , Internet protocol ( IP ) , various hardware components in preparation of launching an 
other packet - based protocol , small computer system inter- 5 operating system for execution . BIOS firmware 192 , which 
face ( SCSI ) , Internet SCSI ( iSCSI ) , Serial Attached SCSI may implement the Basic Input / Output System ( BIOS ) 
( SAS ) or another transport that operates with the SCSI firmware interface , may further include instructions for 
protocol , advanced technology attachment ( ATA ) , serial displaying a user interface ( which may also referred to as a 
ATA ( SATA ) , advanced technology attachment packet inter- BIOS setup program ) by which a user may access , modify , 
face ( ATAPI ) , serial storage architecture ( SSA ) , integrated 10 and store BIOS user settings . Also shown stored in BIOS 
drive electronics ( IDE ) , or any combination thereof . The NVM 190 is BIOS storage 194 , which may represent data , 
network coupled to network interface 160 or various com- such as program code , settings , data values , etc. that BIOS 
ponents associated therewith may be implemented using firmware 192 may store . In some embodiments , BIOS 
hardware , software , or any combination thereof . firmware 192 may implement a power - on - self - test when 
As depicted in FIG . 1 , processor subsystem 120 may 15 information handling system 100 is powered up or restarted 

comprise a system , device , or apparatus operable to interpret following a shutdown . In certain embodiments , BIOS firm 
and / or execute program instructions and process data , and ware 192 may have access to network interface 160 for 
may include a microprocessor , microcontroller , digital sig- various types of communication , such as with a network 
nal processor ( DSP ) , application specific integrated circuit administrator . In certain embodiments , at least a portion of 
( ASIC ) , or another digital or analog circuitry configured to 20 BIOS storage 194 may physically reside on a remote storage 
interpret and execute program instructions and process data . resource , such as in a network storage resource ( not shown ) . 
In some embodiments , processor subsystem 120 may inter- In some embodiments , an interface in compliance with the 
pret and execute program instructions and process data Unified Extensible Firmware Interface ( UEFI ) specification 
stored locally ( e.g. , in memory subsystem 130 or local may replace the Basic Input / Output System ( BIOS ) firm 
storage resource 150 ) . In the same or alternative embodi- 25 ware interface in the example embodiment illustrated in 
ments , processor subsystem 120 may interpret and execute FIG . 1. The UEFI specification defines a software interface 
program instructions and process data stored remotely ( e.g. , between an operating system and platform firmware . 
in network storage resources accessed via network interface In information handling system 100 , 1/0 subsystem 140 
160 ) . may comprise a system , device , or apparatus generally 

In some embodiments , a memory subsystem within pro- 30 operable to receive and transmit data to or from or within 
cessor subsystem 120 may include multiple data caches , information handling system 100. I / O subsystem 140 may 
such as one or more level 1 ( L1 ) caches and / or level 2 ( L2 ) represent , for example , variety of communication inter 
caches ( not shown ) . For example , a level 1 cache may be faces , graphics interfaces , video interfaces , user input inter 
local to a particular processor or processor core within faces , and peripheral interfaces . In some embodiments , I / O 
processor subsystem 120 , and a level 2 cache may be shared 35 subsystem 140 may comprise a touch panel 142 and a 
between multiple processors or processor cores within a display adapter 144. The touch panel 142 may include 
processor subsystem 120. A cache controller within a circuitry for enabling touch functionality in conjunction with 
memory subsystem of processor subsystem 120 may include a display device that is driven by the display adapter 144 . 
circuitry to manage the contents of one or more L1 caches In the illustrated embodiment , information handling sys 
and / or L2 caches . 40 tem 100 also includes a baseboard management controller 

Also in FIG . 1 , memory subsystem 130 may comprise a ( BMC ) 180. Baseboard management controller 180 includes 
system , device , or apparatus operable to retain and retrieve a BMC processor 182 and BMC firmware 184 that when 
program instructions and data for a period of time ( e.g. , executed by BMC processor 182 performs the operations of 
computer - readable media ) . Memory subsystem 130 may the baseboard management controllers described herein . In 
comprise random access memory ( RAM ) , electrically eras- 45 at least some embodiments , baseboard management control 
able programmable read - only memory ( EEPROM ) , a PCM- ler 180 may monitor the physical state of information 
CIA card , flash memory , magnetic storage , opto - magnetic handling system 100 as well as devices included within or 
storage , or a suitable selection or array of volatile or coupled to information handling system 100. In some 
non - volatile memory that retains data after power is embodiments , baseboard management controller 180 may 
removed . In some embodiments , memory subsystem 130 50 be configured to perform remote management operations . In 
may include a level 3 ( L3 ) cache or a last - level cache ( not some embodiments , baseboard management controller 180 
shown ) , which may be shared between processors or pro- may be configured to provide automatic alerts , to initiate 
cessor cores in multiple processor subsystems 120. Local power - on or power cycle events , boot or reboot events , or 
storage resource 150 may comprise computer - readable other power control functions on behalf of information 
media ( e.g. , hard disk drive , floppy disk drive , CD - ROM , 55 handling system 100. In some embodiments , baseboard 
and / or other type of rotating storage media , flash memory , management controller 180 may be configured to perform 
EEPROM , or another type of solid state storage media ) and operations described herein for fan typing and anomaly 
may be generally operable to store instructions and data , and detection . 
to permit access to stored instructions and data on demand . In the illustrated embodiment , information handing sys 
In at least some embodiments , local storage resource 150 60 tem 100 includes one or more power / fan control modules 
may include a collection or array of storage devices and a 170 and one or more power supply units 172 , each of which 
storage controller . may include one or more fans 174. In at least some embodi 

Also shown in FIG . 1 is non - volatile BIOS memory ments , power / fan control modules 170 may control the 
( BIOS NVM ) 190 , often simply or collectively referred to as allocation of power generated by one or more of the power 
the ‘ BIOS ' . In some embodiments , BIOS NVM memory 65 supply units 172 to other resources in system 100. In some 
190 may be implemented using non - volatile random access embodiments , one or more of the power / fan control modules 
memory . As shown , BIOS NVM 190 may include BIOS 170 may include a management controller ( MC ) . The man 
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agement controller may include circuitry and / or logic to such as broken blades or the presence of debris ( e.g. , dust or 
perform operations described herein for fan typing and dirt ) can affect the ability of a fan to perform with uniform 
anomaly detection . In other embodiments , one or more fans air flow as expected by thermal control algorithms , espe 
174 may reside outside of the power supply units 172 , in cially in cases in which in - line dual rotors are not performing 
which case the functionality of power / fan control modules 5 as expected . As the bell bearings or other components of the 
170 may be divided into separate power control modules and wear down , the ability of the fan to maintain the expected 
fan control modules ( not shown ) . In some embodiments , tachometer signal output corresponding to the duty cycle of 
baseboard management controller 180 may be implemented its PDM control signal input is negatively impacted . Using 
within one or more of the power / fan control modules 170 existing fan typing techniques , it can be difficult to distin 
rather than as a separate component of information handling 10 guish between a fan of one fan type that has suffered this 
system 100. In some embodiments , baseboard management type of degradation and a fan of a different type with 
controller 180 may exchange information and / or control different electrical specifications , leading to incorrect fan 
signals with other components of information handling typing . 
system 100 , such as power / fan control modules 170 , power A typical fan will spin evenly when it is in proper working 
supply units 172 , and / or fans 174 over a management 15 condition . However , when a fan blade is broken or has some 
control bus 115. In some embodiments , baseboard manage- debris on it , this may introduce some wobble . In some 
ment controller 180 may provide controls to and receive embodiments of the systems and methods described herein , 
information from various power supply units 172 and / or that wobble may be detected based on inconsistencies in the 
fans 174 through one or more power / fan control modules captured tachometer signal readings . As described in more 
170. For example , baseboard management controller 180 20 detail below , a baseboard management controller may be 
may , either directly or through one of the power / fan control operable to capture and plot histograms to detect jitter on the 
modules 170 , provide a PWM control signal 171 as an input tachometer signal output by a fan and to infer fan wobble 
to a fan 174 and may receive a tachometer signal 173 that is based on detecting the tachometer signal jitter . In at least 
output from the fan 174. Baseboard management controller some embodiments of the present disclosure , management 
180 may , either directly or through one of the power / fan 25 controller firmware may be operable to detect fan wobble for 
control modules 170 , exchange information and / or control the purposes of better fan typing confidence , for predicating 
signals with other elements of power supply units 172 , such failure events , and / or for inferring vibrational harmonics 
as to provide a notification of a result of a fan typing or fan beyond the pure RPM level , which may then be used to 
anomaly detection exercise or to control the distribution of extrapolate the effect of a rotor on other system elements 
power in the information handling system or perform other 30 ( e.g. , a spinning rotor hard disk drive ) . 
functions , via one or more analog or digital signals 176 . In FIG . 2 , selected elements of an embodiment of a 
As noted above , fan typing is typically provided using method 200 for fan typing in an information handling 

dedicated motherboard circuitry , fan assembly circuitry , and system , as described herein , are depicted in flow diagram 
wire harness wiring . The fan assembly circuitry typically form . Method 200 may be performed using information 
includes extra pins on the motherboard and on the fan 35 handling system 100 ( see FIG . 1 ) . For example , certain 
connector , as well as a wire harness connection of a “ type ” operations may be performed by a baseboard management 
pin between + 12V , GND or float . The motherboard circuitry controller , such as BMC 180 illustrated in FIG . 1. It is noted 
typically includes logic that is able to multiplex in voltage that certain operations described in method 200 may be 
signals from particular fan slots , scale down the voltages , optional or may be rearranged in different embodiments . 
and perform analog to digital conversions to determine the 40 Method 200 may begin , at 202 , by supplying a PWM control 
fan type . This dedicated circuitry and wiring can typically signal with a given duty cycle to an input of a fan . The given 
only grossly determine the fan type . For example , the duty cycle may be greater than or equal to a predetermined 
circuitry might only be able to determine whether or not a threshold duty cycle above which confidence that the poten 
fan is present in a particular fan slot or whether an installed tial fan types for the fan can be distinguished from each 
fan is a high performance fan or a standard fan with no 45 other is high . 
additional specificity . At 204 , method 200 may include receiving a tachometer 

The systems and methods described herein may include signal output of the fan while the PWM control signal has 
optimizations to standard fan to motherboard interfaces such the given PWM duty cycle . The tachometer signal output 
as replacing hardware based fan type detection ( using dedi- may be received as data representing a frequency value for 
cated circuits , firmware , and connectors that increase costs 50 the tachometer that is proportional to the fan speed in terms 
related to board space , fan assembly costs and circuitry of revaluations per minute ( RPM ) . 
complexity ) with software based fan typing . This approach At 206 , the method may include comparing frequency 
may not only decrease system costs but may also increase indicated by the tachometer signal output of the fan to an 
the quality ( e.g. , the accuracy ) of the fan typing solution . In expected frequency for fans of a given fan type when 
some embodiments , the disclosed systems may include 55 controlled with the given PWM duty cycle . In some embodi 
preloaded electrical specifications , e.g. , data stored in a fan ments , this may include looking up the expected value of the 
controller or in baseboard management controller tables frequency for fans of the given fan type when controlled 
representing curves in which tachometer signals output by with the given PWM duty cycle in a table maintained by the 
fans of a particular fan type are plotted versus different BMC that stores data representing RPM vs. PWM curves for 
PWM control signal duty cycles . Tachometer signal readings 60 fans of one or more fan types . In some embodiments , the 
obtained from a given fan during a system boot phase or given fan type may be an expected fan type for the given fan , 
during runtime may be compared to the stored curve data to according to system configuration information associated 
determine the fan type . with the information handling system . For example , the 

The fans installed in information handling systems work information handling system may include ( e.g. , in BIOS 
as hard as they can to produce an expected tachometer signal 65 NVM 190 illustrated in FIG . 1 or in another non - volatile 
output ( in terms of revolutions per minute , or RPM ) based memory location accessible by the BMC ) an identifier 
on the input PWM duty cycle . Various fan failure modes , associated with the particular hardware configuration of the 



5 

US 10,866,006 B2 
13 14 

information handling system . The BMC may obtain the determine , with high confidence , whether a type C fan or a 
configuration identifier from the memory and may determine type D fan is installed . For example , FIG . 4 illustrates that 
the expected fan type based on the obtained configuration there is a roughly 1000 RPM difference ( e.g. , 8000 vs. 9000 ) 
identifier . between the curves for type C fans and type D fans when the 
At 208 , method 200 may include determining , based on duty cycle is 40 % . This example illustrates that , even for 

the comparison , whether or not the fan is a fan of the given fans of two fan types that produce a similar tachometer fan type . For example , if the frequency indicated by the signal at relatively low fan speeds , data obtained from the tachometer signal output of the fan is equal to , or not tachometer signals may be sufficient to be able to distinguish statistically different from , an expected frequency for fans of 
a given fan type when controlled with the given PWM duty 10 of fans of each type at higher PWM duty cycle points . Note between these two types of fans , based on the expected RPM 
cycle , the given fan may be determined to be a fan of the that in both graph 300 illustrated in FIG . 3 and in graph 400 given fan type . However , if the frequency indicated by the illustrated in FIG . 4 , the curves for fans of the same type tachometer signal output of the fan is statistically different 
from the expected frequency for fans of a given fan type supplied by different vendors deviated by a small amount , in 
when controlled with the given PWM duty cycle , this may 15 some cases , but they remained within the allowed tolerances 
indicate that the fan is not a fan of the given type or that the of the electrical specifications for these fans . 
fan cannot be typed due to a failure or significant perfor- Note that while the graphs shown in FIGS . 3 and 4 
mance degradation . illustrate differences in the curves for two different types of 

At 210 , the method may include providing an indication fans , the techniques described herein may be used to dis 
of whether or not the fan is a fan of the given fan type to a 20 tinguish between more than two types of fans . In some 
fan controller . In one example , if it is determined that the fan systems , configurations including a mix of fan types , includ 
is a fan of the given fan type , an indication that the fan is of ing both standard and high performance fan types , are not 
the given type may be provided to power / fan control module supported . However , in some embodiments , the techniques 
170 ( e.g. , via management control bus 115 ) . In another described herein for fan typing may be used to perform fan 
example , providing the indication that the fan is of the given 25 typing in systems that include fans of multiple different fan 
type may including writing data indicating the result of the types . For example , these techniques may be used to deter 
fan typing operation to a system log or control table stored mine a fan type from among multiple low cost fans , multiple 
in a memory accessible by the power / fan control module mid - range or standard fans , and / or multiple high perfor 
170 or stored in BMC 180 , for example . mance fans from one or multiple vendors , in different 
FIG . 3 is a graphical representation 300 of several 30 embodiments . In some embodiments , a predetermined 

example duty cycle curves for fans of two different fan types threshold duty cycle above which confidence that the poten 
referred to as fan type A and fan type B. More specifically , tial fan types for the fan can be distinguished from each 
graph 300 includes five curves , each plotting tachometer other is high may be calculated based on historical data , such 
signal values ( in terms of RPM ) versus PWM duty cycle as that shown in FIGS . 3 and 4. The threshold duty cycle 
values ( in terms of percentages ) for a particular 2U fan 35 may be programmable , and therefore adaptable to changes in 
supplied by a particular vendor . In this example , fan type A fan technology , system configurations , system workloads , 
is one of several high performance 2U fan types and fan type performance goals , environmental factors , or other param 
B is one of several standard 2U fan types . In FIG . 3 , graph eters that affect the expected relationships between PWM 
300 includes respective curves for two fans of fan type A control signal duty cycles and tachometer signals . In some 
supplied by two different vendors ( shown as curves 402 ) and 40 system configurations , optional slots , in which there might 
for three fans of fan type B supplied by three different or might not be a fan installed at any particular time , are not 
vendors ( shown as curves 404 ) . In this example , there is supported . However , in some embodiments , the techniques 
roughly a 2000 RPM difference between the curves for the described herein for fan typing may be able to detect 
type A fans and the type B fans at the vast majority of PWM whether there is a fan missing in an optional fan slot . 
duty cycle points . This example illustrates that even when 45 In some embodiments , the systems described herein may 
the fans operate at relatively low fan speeds ( e.g. , during a initiate a characterization training cycle during which to 
system boot phase ) , data obtained from the tachometer discern the fan type based on an applicable PWM control 
signals may be sufficient to be able to distinguish between signal stimulus to tachometer response curve . In some 
these two types of fans , based on the expected RPM of fans embodiments , a training cycle may be initiated automati 
of each type at particular PWM duty cycle points . 50 cally upon a BMC boot or a thermal control daemon start . 
FIG . 4 is a graphical representation 400 of several In some embodiments , a training cycle may be initiated 

example duty cycle curves for fans of two additional fan automatically upon detection of a fan hot plug event via a 
types referred to as fan type C and fan type D. More transition from receiving no tachometer pulses to receiving 
specifically , graph 400 includes four curves , each plotting any tachometer pulses while the host system is powered on 
tachometer signal values ( in terms of RPM ) versus PWM 55 ( e.g. , via an interrupt triggered by the first received tachom 
duty cycle percentages for one of the two rotors in a eter edge ) . Once the training cycle is initiated , the BMC may 
particular 1U fan supplied by a particular vendor . In this perform fan typing , as described above , for each fan in the 
example , fan type C is one of several high performance 10 information handling system in sequence . This may include 
fan types and fan type D is one of several standard 10 fan the BMC firmware causing the PWM control signal duty 
types . In FIG . 4 , graph 400 includes respective curves for 60 cycle for each fan slot , in sequence , to ramp up to the 
two fans of a fan type C supplied by two different vendors predetermined threshold duty cycle , if it is not already 
( shown as curves 406 ) and for two fans of a fan type D operating at that duty cycle point , observing the tachometer 
supplied by two different vendors ( shown as curves 408 ) . In response , including collecting data representing the 
this example , the tachometer signals from the type C fans response , and then returning to the previous PWM duty 
and the type D fans are similar at very low PWM duty cycle 65 cycle . Performing the fan typing based on tachometer read 
points and deviate at higher PWM duty cycle points . In this ing captured at the predetermined threshold duty cycle point , 
example , a PWM duty cycle of 40 % may be sufficient to either at the time of data collection or later , may allow for 
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high confidence in the result , as the curves diverge , while the given static duty cycle for the power - on - self - test to a pre 
fan speed is not high enough to create user concern or be determined confidence threshold value , if necessary , and 
excessively noisy . checking the tachometer signal from the given fan . For 
Once the fan types of all fans in the system have been example , if the given fan is already operating at or above the 

determined , the results may be compared to the expected 5 predetermined confidence threshold value ( e.g. , if the static 
system configuration . For example , if system configuration duty cycle for the power - on - self - test for a particular fan is 
information indicates that the system should include four greater than or equal to the predetermined confidence thresh 
fans in particular slots and that high performance fans are old value ) , there may be no need to ramp up the PWM duty 
required , a comparison between the determined fan types cycle for perform fan typing . The predetermined confidence 
and this expected configuration may be made to see if the 10 threshold duty cycle may be a duty cycle that has been 
required high performance fans are present in the expected statistically shown to represent a duty cycle above which 
fan slots . Note that some users may purchase high perfor- confidence that the potential fan types for the fans in the 
mance fans even if the system configuration does not require information handling system can be distinguished from each 
it . In this case , the techniques described herein may be used other is high . In one example embodiment , the predeter 
to accurately account for inventory usage . In some embodi- 15 mined threshold duty cycle may be 40 % . In other embodi 
ments , a failed fan ( for which the tachometer signal output ments , the predetermined threshold duty cycle may be 
indicates that the fan speed is below a minimum speed or is higher or lower than 40 % . 
below the expectation for a standard fan ) may be flagged as If , at 510 , it is determined that the tachometer signal meets 
failed and may not be positively typed . a minimum specification for all fan types , method 500 may 

In FIG . 5 , selected elements of an embodiment of a 20 continue to 514. Otherwise , the tachometer signal may 
method 500 for a management controller to perform fan indicate that the fan expected to be present in a given fan slot 
typing in an information handling system , as described may be missing entirely or may be damaged or degraded to 
herein , are depicted in flow diagram form . Method 500 may a point at which cannot be typed , as in 512 . 
be performed using information handling system 100 ( see If at 514 , it is determined that the tachometer signal meets 
FIG . 1 ) . For example , certain operations may be performed 25 the specification for a given fan type , method 500 proceeds 
by a baseboard management controller , such as BMC 180 to 516. Otherwise , the method may continue to 518. At 516 , 
illustrated in FIG . 1. It is noted that certain operations output an indication of fan type and the attempt to type the 
described in method 500 may be optional or may be rear- given fan is concluded . In some embodiments , once the fan 
ranged in different embodiments . Method 500 may begin at type has been determined for the given fan , an indication of 
502 when , in response to system power up and BMC boot 30 the fan type may be provided to power / fan control module 
in an information handling system , the information handling 170 ( e.g. , via management control bus 115 ) . In another 
system begins performing a power - on - self - test . In some example , once the fan type has been determined for the 
embodiments , the power - on - self - test may be performed by given fan , data indicating the result of the fan typing 
the execution of a portion of BIOS firmware ( such as BIOS operation may be written to a system log or control table 
firmware 192 illustrated in FIG . 1 ) . 35 stored in a memory accessible by the power / fan control 

At 504 , method 500 may include the BMC setting the module 170 or stored in BMC 180 , for example . 
PWM duty cycle of all fans in the information handling If , at 518 , there are more fan types to check , method 500 
system to a given static duty cycle for the power - on - self - test . may return to 514 , after which the operation shown at 514 
Since fan noise increases with fan rotation speed , the given may be repeated one or more times to determine if the given 
static duty cycle may represent a predetermined default duty 40 fan is a fan of another one of multiple fan types that are 
cycle for power - on - self - test that has been selected to pro- possible for fans in the particular slot in the information 
duce less noise than when the fan is operating in normally handling system . If , or once , there are no additional fan 
and / or for low power operation of the fan . In one example , types under consideration , the given fan cannot be typed and 
the given static duty cycle for the power - on - self - test may be the attempt to type the given fan is concluded , as in 520. In 
less than or equal to 20 % . 45 some embodiments , once it is determined that the given fan 
At 506 , the method may include the BMC determining the cannot be typed , an indication of the failure of the fan typing 

maximum number of fans in the system and the system attempt may be provided to power / fan control module 170 
configuration requirements for the fans in this system . In ( e.g. , via management control bus 115 ) for subsequent 
some embodiments , this configuration information may be analysis . In another example , once it is determined that the 
obtained from a local memory , such as BIOS NVM 190 or 50 given fan cannot be typed , data indicating the failure of the 
another local memory , and may include an indication of the fan typing attempt may be written to a system log or control 
total number of fan slots in the system , an indication of the table stored in a memory accessible by the power / fan control 
number of fan slots that are , or that are expected to be , module 170 or stored in BMC 180 , for example . 
populated in the current configuration of the information Once the attempt to type the given fan is concluded , 
handling system , and / or an indication of the performance 55 regardless of whether or not it was successful , method 500 
requirements for each of the fans that are , or are expected to may continue at 522. If , at 522 , there are more fans in the 
be , present in the information handling system . In one system to be typed , the method may return to 508 , after 
example , one or more fans may be expected to be high which the operations shown in 508 through 520 may be 
performance fans . In another example , one or more fans may repeated , as appropriate for each additional fan in the 
be expected to be low cost fans . In some embodiments , all 60 system . If , or once , there are no additional fans to be typed , 
of the fans may have the same performance requirements . In the fan typing operation may be complete , as in 524 . 
other embodiments , different fans in the information han In some cases , it may be useful to detect overspinning or 
dling system may have different performance requirement , irregular spinning in a fan as an indication of a false positive 
e.g. , depending on their location and / or function within the for the presence of a higher performance fan presence . In 
information handling system . 65 some cases , it may be useful to predict fan failures and / or 

At 508 , method 500 may include , for a given fan in the detect actual fan failures that are not reflected in absolute 
system , the BMC ramping the PWM duty cycle up from the tachometer RPMs that are within specification limits . Such 
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cases can occur if , for example , a fan blade is broken , a fan At 604 , method 600 may include calculating and saving 
blade has debris on it , or some ball bearings of a fan are data representing an average RPM reading collected during 
sticking . In some embodiments of the present disclosure , in the training period . In various embodiments , the data rep 
addition to interpreting a higher than expected tachometer resenting the average RPM reading collected during the 
reading as indicating the presence of a high performance fan , 5 training period may be stored locally ( e.g. , in memory 
a higher than expected tachometer reading may indicate the subsystem 130 , or local storage resource 150 ) or remotely 
presence of a broken blade or a blade with debris on it , ( e.g. , in a network storage resource accessible through 
which may cause the fan to wobble and result in non- network interface 160 ) . 
uniform tachometer ticks per revolution . In some embodi- At 606 , the method may include generating a histogram 
ments , such asymmetric wobble may be detectable by a 10 representing the number of occurrences of RPM values in 
software function in the BMC firmware that measures each of multiple bins of RPM values , identifying the top bins 
tachometer tick cycle to cycle jitter and plots the measure- represented in the histogram , and saving the data represent 
ment in a histogram . The crossing of a statistical threshold ing the top bins and the number of occurrences of RPM 
of tachometer cycle to cycle jitter may trigger a predictive values in each of the top bins or in each of the multiple bins . 
failure sensor or may be used to inform a further refinement 15 In various embodiments , the data representing the top bins 
of physical fan type installed . and the number of occurrences of RPM values in each of the 

In some embodiments , this statistical jitter method for top bins or in each of the multiple bins collected during the 
detecting wobble and asymmetric spinning may be used to training period may be stored locally ( e.g. , in memory 
infer localized , slot - specific fan vibrations outside of the subsystem 130 , or local storage resource 150 ) or remotely 
expected tachometer signal harmonics . This information 20 ( e.g. , in a network storage resource accessible through 
may be useful in a thermal control algorithm for the purpose network interface 160 ) . In one example , a histogram tool of 
of intelligently “ steering ” fan speeds away from sensitive a spreadsheet application may be operable to count the 
vibration points that may adversely affect entities within the number of data points in each data bin . A data point may be 
vicinity of that fan motor , such as rotating hard drives . This included in a particular data bin if its value is greater than the 
may help maximize spinning rotor drive throughput by 25 lower bound for the data bin and is less than or equal to the 
reducing the access error rate . upper bound for the data bin . If the data range for the bins 

For example , a hard drive might be sensitive to certain is not specified , the spreadsheet tool may create a set of 
frequency variations . In some embodiments , once the prob- evenly distributed bins between the minimum and maximum 
lem frequencies are identified , firmware may be operable to values of the input data . 
avoid those frequencies . For example , the BMC firmware 30 If and when , at 608 , conditions indicate that it is time for 
may avoid supplying a PWM control signal to the fan having a re - evaluation of the fans in the information handling 
a duty cycle associated with tachometer signal values cor- system , the method may continue at 610. For example , a 
responding to the problem frequencies . In some embodi- re - evaluation may be performed periodically ( e.g. , on a 
ments , when an anomaly , such as a fan failure , performance predetermined schedule ) or may be initiated in response to 
degradation , predicted failure , cycle to cycle jitter , inferred 35 a configuration change in the information handling system , 
wobble , or frequency sensitivity is identified , a notification such as the addition of a fan or another component in the 
( e.g. , a flag or warning ) may be provided indicating that information handling system ( using a hot plug installation or 
further investigation may be needed or that a fan may need an installation while at least some parts of the system are 
to be replaced , among other potential corrective actions . shut down ) , the replacement of a fan or another component 

In FIG . 6 , selected elements of an embodiment of a 40 in the information handling system ( using a hot swap 
method 600 for anomaly detection for a fan based on installation or a replacement while at least some parts of the 
changes in a tachometer signal received from the fan , as system are shut down ) , a software patch or upgrade , or 
described herein , are depicted in flow diagram form . In some another type of hardware or software configuration change . 
embodiments , method 600 may be performed using infor- In some embodiments , if a re - evaluation is performed in 
mation handling system 100 ( see FIG . 1 ) . In some embodi- 45 response to a hardware configuration change ( e.g. , if a fan is 
ments , certain operations may be performed by a baseboard added or replaced ) , the results of the analysis may be saved 
management controller , such as by executing a portion of as new reference data with which subsequently collected 
BMC firmware 184 on BMC processor 182 of BMC 180 data is to be compared rather than , or in addition to , being 
illustrated in FIG . 1. In some embodiments , certain opera- compared to the reference data collected during the training 
tions may be performed by executing , on processor subsys- 50 phase . 
tem 120 , program instructions stored locally ( e.g. , in At 610 , method 600 may include , for another period of 
memory subsystem 130 , or local storage resource 150 ) or time , logging the tachometer signal ( in terms of RPM ) while 
remotely ( e.g. , in a network storage resource accessible running the fan with the fixed PWM duty cycle , and then 
through network interface 160 ) . In some embodiments , calculating and saving data representing an average RPM 
certain operations may be performed by a computing device 55 reading collected during the other period of time . In various 
that is separate from the information handling system whose embodiments , the data representing the average RPM read 
fans are being characterized , e.g. , as an off - line analysis of ing collected during the other period may be stored locally 
data collected during operation of the information handling ( e.g. , in memory subsystem 130 , or local storage resource 
system . It is noted that certain operations described in 150 ) or remotely ( e.g. , in a network storage resource acces 
method 600 may be optional or may be rearranged in 60 sible through network interface 160 ) . 
different embodiments . Method 600 may begin at 602 when , At 612 , the method may include scaling a new set of bins 
during a training period , the information handling system to align with the reference RPM data , generating new 
begins logging a tachometer signal ( in terms of RPM ) while histogram , and identifying the top bins ( and the correspond 
running a given fan with a fixed PWM duty cycle input . In ing numbers of occurrences in each of the top bins or all 
some embodiments , the fixed PWM duty cycle may repre- 65 bins ) in the new histogram . 
sent a predetermined confidence threshold value , as If , at 614 , it is determined that the top bins and numbers 
described above . of occurrences for each bin match the saved reference data , 
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no anomalies are detected , as in 616. Otherwise , method 600 mation handling system 100 ( see FIG . 1 ) . In some embodi 
may continue at 618. At 618 , the method may include ments , certain operations may be performed by a baseboard 
identifying a potential failure or performance degradation of management controller , such as by executing a portion of 
the given fan based on the presence of one or more new top BMC firmware 184 on BMC processor 182 of BMC 180 
bins and / or lower numbers of occurrences for particular bins 5 illustrated in FIG . 1. In some embodiments , certain opera 
compared to the reference data . Regardless of whether or not tions may be performed by executing , on processor subsys 
an anomaly was detected , method 600 may return to 608. If tem 120 , program instructions stored locally ( e.g. , in 
and when conditions indicate that it is time for a further memory subsystem 130 , or local storage resource 150 ) or 
re - evaluation , the operations shown in 610 through 618 may remotely ( e.g. , in a network storage resource accessible 
be repeated , as appropriate , for each successive re - evalua- 10 through network interface 160 ) . In some embodiments , 
tion . certain operations may be performed by a computing device 

In some embodiments , the operations of method 600 that is separate from the information handling system on 
shown in FIG . 6 may be performed independently for each whose behalf the operations are performed , e.g. , as an 
fan in the information handling system to detect any anoma- off - line analysis of data collected during operation of the 
lies associated with particular ones of the fans . In some 15 information handling system . It is noted that certain opera 
embodiments , the operations shown as 602-606 and / or 610- tions described in method 700 may be optional or may be 
618 may be performed ( independently ) for multiple fans in rearranged in different embodiments . Method 700 may 
parallel . In other embodiments , during the training phase or begin at 702 by identifying a potential failure or perfor 
during another time period ( e.g. , a re - evaluation period ) , mance degradation of a given fan based on an anomaly 
these operations may be performed for one fan at a time until 20 observed in an analysis of the top RPM bins and / or numbers 
they have been completed on all fans . of occurrences in each bin of a histogram of the occurrences 

While the example method for anomaly detection for a of RPM values in particular RPM value ranges , e.g. , as 
fan based on changes in a tachometer signal received from illustrated in FIG . 6 and described above . For example , the 
the fan shown in FIG . 6 and described above includes presence of one or more new top bins and / or lower numbers 
providing a PWM control signal with a fixed duty cycle to 25 of occurrences for particular bins compared to the reference 
the fan , in other embodiments the behavior of the fan and / or data may indicate a potential fan problem . 
the system in which it resides , may be characterized more In some embodiments , a potential fan problem may be 
thoroughly by introducing perturbations in the PWM control indicated if the amount of the deviation from the reference 
signal and observing the resulting tachometer signal data meets a particular threshold value . For example , a 
changes . For example , the behavior of a high performance 30 threshold value at which a lower number of occurrences for 
fan that normally operates at a relatively low speed ( e.g. , a particular bin is considered significant may be set at 80 % 
with a tachometer signal and fan speed corresponding to a of the reference data . In this example , if the number of 
PWM control signal duty cycle of 10 % ) may be character- occurrences in a particular bin is at least 20 % lower than 
ized by providing a PWM control signal into which higher indicated in the reference data , a potential failure or perfor 
duty cycle spikes have been introduced and observing the 35 mance degradation of the given fan may be identified . In 
corresponding tachometer signal output . Alternatively , the another example , a threshold value at which the presence of 
behavior of a fan may be characterized by providing a PWM new top bins is considered significant may be set at 20 % of 
control signal for which the duty cycle is ramped up or down the reference data . In this example , if the number of top bins 
incrementally while the resulting tachometer signal output is present in the most recently generated histogram that are not 
observed . 40 present in the reference data represents at least 20 % of the 

In various embodiments , when an anomaly is detected for number of top bins identified in the reference data , a 
a fan , an indication of the anomaly may be provided a fan potential failure or performance degradation of the given fan 
controller , such as a power / fan controller 170 illustrated in may be identified . 
FIG . 1 , a management controller residing in the power / fan If , at 704 , the analysis indicates that the given fan is 
controller 170 , a baseboard management controller such as 45 missing altogether or has suffered a serious or fatal failure , 
BMC 180 , or another component of the information han- method 700 may proceed to 706. Otherwise , the method 
dling system in which the fan is installed that includes may continue at 708. For example , if the tachometer signal 
circuitry or logic affecting the operation of the fan . In for the given fan does not meet a minimum specification for 
response , the fan controller may react in any number of all fan types , this may indicate that the fan has suffered a 
ways , in different embodiments , to further characterize or 50 serious or fatal failure . If no tachometer signal is received 
attempt to mitigate the detected anomaly . The actions taken from the fan slot in which the given fan is expected to be 
may include but are not limited to : present , this may indicate that there is no fan in the slot . At 

logging the detection of the anomaly in a system event 706 , the method may include generating a notification of a 
log , which may provide a user with a notification of a potential problem with the given fan . In one example , if a 
potential problem with a particular fan 55 potential problem with the given fan is identified , an indi 

initiating a fan speed offset , in which the fan speed is cation of the potential problem may be provided to power / 
increased incrementally as a countermeasure to a fan control module 170 ( e.g. , via management control bus 
potential fan failure 115 ) . In another example , if a potential problem with the 

setting the fan speed to its maximum value , as an alter- given fan is identified , data indicating the potential problem 
native to an incremental system fan speed increase 60 may be written to a system log or control table stored in a 

invoking system power throttling to ensure that system memory accessible by the power / fan control module 170 or 
thermal measurements are within defined limits stored in BMC 180 , for example . 

In FIG . 7 , selected elements of an embodiment of a If , at 708 , the analysis indicates that the fan is experienc 
method 700 for detecting and mitigating an anomaly asso- ing problems only at particular frequencies , the method may 
ciated with a fan in an information handling system , as 65 proceed to 710. Otherwise , the anomaly may indicate a more 
described herein , are depicted in flow diagram form . In some general performance degradation and the method may con 
embodiments , method 700 may be performed using infor- tinue at 712. At 708 , the method may include programming 
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a fan controller to skip over the problem frequencies when generated from tachometer readings taken under a first test 
ramping the PWM duty cycle up or down . condition , in which fan blades were touched with 28 gauge 

At 712 , method 700 may include increasing the fan speed ( AWG ) wire . The third set of histograms , represented in 
by an incremental amount as a countermeasure to the FIG . 8 by the right - most column in each grouping of three 
detected fan performance degradation issue , and then repeat- 5 columns , was generated from tachometer readings taken 
ing the data collection and analysis described above in under a second test condition , in which one fan blade was 
reference to the re - evaluation of the given fan . broken off . 

If , at 714 , the analysis indicates that the detected issue has Selected portions of the data logged during the experi 
been corrected , method 700 may proceed to 724 , where no ments are shown in Table 1 below . Each log includes , for a further action is taken . If , however , the analysis indicates 10 particular one of the three conditions described above , that the detected issue has not been corrected , the method entries including the respective histogram bins and the may continue at 716 . 

If , at 716 , it is determined that the fan has reached its numbers of occurrences ( data points ) in each bin . The raw 
maximum speed , method 700 may continue at 718. Other data collected from the logic analyzer also included time 
wise , the method may return to 712 , after which the fan 15 stamps and the state of the tachometer ( 1 or 0 ) ( not shown ) . In Table 1 below , the value shown for a given bin represents speed may be further reduced one or more times in an 
attempt to correct the detected issue , as in operations 714 the upper boundary of the given bin and the lower boundary 
and 716 . of the given bin is the value shown for the previous bin . 
At 718 , the method may include invoking system power 

throttling to reduce the thermal effects of the detected fan 20 TABLE 1 
performance degradation issue , if any , and then repeating the Histogram Data 
data collection and analysis to determine whether the 
detected issue ( whether includes a performance issue , a 
thermal issue , or both ) has been corrected . 

If , at 720 , the analysis indicates that the detected issue has 25 
been corrected , method 700 may proceed to 724 , at which 
point no further action is necessary . However , if the analysis 

0.002972 indicates that the detected issue has still not been resolved , 
the method may proceed to 722 , after which a notification of 0.00301 
the potential problem may be generated . In some embodi- 30 0.003019 0.003019 
ments , an indication of the potential problem may be pro 
vided to power / fan control module 170 ( e.g. , via manage 
ment control bus 115 ) . In another example , data indicating 
the potential problem may be written to a system log or 
control table stored in a memory accessible by the power / fan 35 
control module 170 or stored in BMC 180 , for example . 0.003428 While the example method for detecting and mitigating an 0.003437 0.003434 
anomaly associated with a fan in an information handling 0.003446 0.003443 
system illustrated in FIG . 7 includes incrementally increas 0.003452 

ing the fan speed prior until it reaches its maximum speed , 40 
in other embodiments , the fan speed may be increased to its 
maximum speed with first attempting to mitigate the During normal operation , shown as the baseline condition 
detected anomaly through incremental speed increases . In in Table 1 above , the top bins ( e.g. , those having the highest 
still other embodiments , power throttling may be invoked number of occurrences ) include 650 , 683 , and 573 occur 
before , at the same time as , during , or instead of an attempt 45 rences , respectively . These bins are identified in FIG . 8 by 
to mitigate the detected anomaly through incremental speed the labels 802 , 804 , and 806 , respectively . The data collected 
increases or setting the fan speed to it maximum speed . for test case 1 , in which fan blades were touched with a thin 

Experiments have been performed to evaluate the wire , was the same as in the baseline case . In this experi 
anomaly detection techniques illustrated in FIG . 7 and ment , touching the fan blades with a thin wire did not affect 
described above . In one experiment , tachometer readings 50 the tachometer signal output because the fan rotors were 
were collected for a fan during normal operation and again heavy enough to resist any change due to the wire . 
when the fan was disturbed in ways that simulate various fan In the data collected for test case 2 , in which one fan blade 
failure conditions , such as wobbling . In this experiment , the was broken off , there were several new top bins and lowered 
tachometer signal output was logged using a logic analyzer , numbers of occurrences ( data points ) in some bins when 
and the response of the intentionally wobbled fan was 55 compared with the baseline data . Some of these differences analyzed are identified in FIG . 8 by the labels 808 , 810 , 812 , 814 and 
FIG . 8 is a graphical representation 800 of multiple 816. For example , the top three bins for test case 2 include 

histograms in which tachometer signal readings ( in terms of 538 , 501 , and 48 occurrences , respectively . These bins are 
RPM ) collected during various experiments are plotted identified in FIG . 8 by the labels 812 , 810 , and 816 , 
against different duty cycles ( in terms of percentage ) , as 60 respectively . Bins with significantly altered numbers of 
described above , for different conditions . The first set of occurrences compared to the baseline case include those 
histograms , represented in FIG . 8 by the left - most column in bins labeled collectively as 808 ( one of which has a lower 
each grouping of three columns , was generated from number of occurrences than in the baseline case and one of 
tachometer readings taken during normal operation of a which has a higher number of occurrences than in the 
particular fan and are used as baseline measurements . The 65 baseline case ) , and the bins labeled as 810 and 814 ( each of 
second set of histograms , represented in FIG . 8 by the which has a lower number of occurrences than in the 
middle column in each grouping of three columns , was baseline case ) . In this experiment , the broken fan blade 
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affected the behavior of the fan enough for the changes to be terms of revolutions per minute ( RPM ) is propor 
reflected in the tachometer signal output . More specifically , tional to the speed of the given fan ; 
with one blade missing ( and a corresponding lighter load on compare the frequency of the tachometer signal output 
the fan ) , bins shifted down slightly , indicating that the fan by the given fan while the PWM control signal has 
sped up slightly . The new top bins are indicative of vibra- 5 the first PWM duty cycle to an expected tachometer 
tions due to the fan being out of balance and uneven frequency for fans of a first fan type when receiving pressures as the blades pass the stationary plastic parts . a PWM control signal of the first PWM duty cycle ; These experiments show that the anomaly detection tech responsive to determining , based on the comparison , niques described herein may be useful in identifying fan that the given fan is a fan of the first fan type , provide damage or other anomalies that affect the performance of a 10 
fan in an information handling system . an indication that the given fan is a fan of the first fan 
As described above , an information handling system may , type to a fan controller ; 

in some embodiments , implement systems and methods for calculate a first average frequency of the tachometer 
fan typing and anomaly detection based on the expected and signal output by the given fan during a first time 
observed relationships between tachometer signal outputs 15 period in which the PWM control signal has the first 
and PWM control signal inputs , and deviations therefrom . PWM duty cycle ; 
These techniques do not require dedicated circuitry for fan generate a first data structure representing a histogram 
typing nor a dedicated fan type pin ( and associated wiring ) , comprising multiple bins , wherein each bin repre 
as is the case with existing solutions . This provides technical sents a respective range of tachometer frequency 
benefits by reducing the amount and complexity of the 20 values for the tachometer signal output by the given 
circuitry needed to perform fan typing and anomaly detec fan during the first time period and each bin is 
tion and the corresponding financial benefits of reducing the associated with a respective count value indicating 
board space and number components ( e.g. , circuitry and the number of occurrences of a tachometer frequency 
connectors ) needed to implement this functionality . value for the tachometer signal falling within the 

The software based fan typing and anomaly detection 25 respective range of tachometer frequency values 
approaches described herein may be performed in an unob represented by the bin during the first time period ; 
trusive manner ( e.g. , in terms of power and / or sound ) during determine a predetermined number of top bins associ 
a systemboqtphase and during runtime rediscovery followa ated with the highest respective count values in the 
ing a configuration change in the system , such as through first data structure ; 
hot - pluggingora software upgrade . The systems described 3 save reference data representing one or more of the 
herein may include a BMC subsystem that uses tachometer calculated average frequency , identifiers of the top 
signal interrupts to calculate tachometer signal jitter and a bins in the first data structure , and the respective 
subsequent determination of asymmetric fan wobble corre count values associated with the top is ; 
sponding to the tachometer signal jitter . In some embodi- calculate a second average frequency of the tachometer 
ments , the systems and methods described herein may use 35 signal output by the given fan during a second time 
calculated fan wobble rates to determine the actual vibration period in which the PWM control signal has the first 
Signature of a fan , and may inform control mechanism that PWM duty cycle ; 
skip over certain PWM duty cycle points at which potential generate a second data structure representing a histo 
problems ( such as for drive throughput ) were identified gram comprising multiple bins , wherein each bin 
using calculation of excursions such as wobble . represents a respective range of tachometer fre 

The above disclosed subject matter is to be considered quency values for the tachometer signal output by 
illustrative , and not restrictive , and the appended claims are the given fan during the second time period and each 
intended to cover all such modifications , enhancements , and bin is associated with a respective count value indi 
other embodiments which fall within the true spirit and cating the number of occurrences of a tachometer 
scope of the present disclosure . Thus , to the maximum 45 frequency value for the tachometer signal falling 
extent allowed by law , the scope of the present disclosureis within the respective range of tachometer frequency 
to be determined by the broadest permissible interpretation values represented by the bin during the second time 
of the following claims and their equivalents , and shall not period ; 
be restricted or limited by the foregoing detailed description . determine a predetermined number of top bins associ 

ated with the highest respective count values in the 
What is claimed is : second data structure ; 
1. An information handling system , comprising : compare data representing one or more of the calcu 
at least one processor ; and lated second average frequency , identifiers of the top 
a memory medium coupled to the at least one processor bins in the second data structure , and the respective 

and storing program instructions that , when executed 55 count values associated with the top bins in the 
by the at least one processor , cause the information second data structure to the saved reference data ; and 
handling system to : responsive to detecting a discrepancy between the data 
supply a pulse width modulation ( PWM ) control signal representing the calculated second average fre 

with a first PWM duty cycle to an input of a given quency , identifiers of the top bins in the second data 
fan , the first PWM duty cycle being greater than or 60 structure , or the respective count values associated 
equal to a predetermined confidence threshold duty with the top bins in the second data structure and the 
cycle ; saved reference data , provide an indication of an 

receive a tachometer signal output by the given fan anomaly associated with the given fan to the fan 
while the PWM control signal has the first PWM controller . 
duty cycle , the tachometer signal comprising a pair 65 2. The information handling system of claim 1 , wherein 
of pulses for each rotation of the given fan such that the expected tachometer frequency is dependent on a curve 
the frequency of the tachometer signal expressed in specified for fans of the first fan type on which tachometer 
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frequency values expressed in terms of revolutions per a respective range of tachometer frequency values for 
minute are plotted against PWM duty cycle values . the tachometer signal output by the first fan during the 

3. The information handling system of claim 1 , wherein first time period and each bin is associated with a 
when executed by the at least one processor , the program respective count value indicating the number of occur 
instructions further cause the information handling system 5 rences of a tachometer frequency value for the tachom 
to : eter signal falling within the respective range of responsive to determining , based on the comparison , that tachometer frequency values represented by the bin 

the given fan is not a fan of the first fan type : during the first time period , compare , in a second comparison , the frequency of the determining a predetermined number of top bins associ tachometer signal output by the given fan while the 10 ated with the highest respective count values in the first PWM control signal has the first PWM duty cycle to data structure ; an expected tachometer frequency for fans of a 
second fan type when receiving a PWM control saving reference data representing one or more of the 
signal of the first PWM duty cycle ; and calculated average frequency , identifiers of the top bins 

in the first data structure , and the respective count responsive to determining , based on the second com- 15 
parison , that the given fan is a fan of the second fan values associated with the top bins ; 
type , provide an indication that the given fan is a fan calculating a second average frequency of the tachometer 
of the second fan type to the fan controller . signal output by the first fan during a second time 

4. The information handling system of claim 1 , wherein : period in which the PWM control signal has the first 
the information handling system further comprises a 20 PWM duty cycle ; 

plurality of fan slots , each fan slot being configured for generating a second data structure representing a histo 
installation of a respective fan into the fan slot ; gram comprising multiple bins , wherein each bin rep 

the given fan is installed in a first one of the plurality of resents respective range of tachometer frequency 
fan slots ; and values for the tachometer signal output by the first fan 

when executed by the at least one processor , the program 25 during the second time period and each bin is associ 
instructions further cause the information handling ated with a respective count value indicating the num 
system to : ber of occurrences of a tachometer frequency value for compare the frequency of the tachometer signal output the tachometer signal falling within the respective by the given fan while the PWM control signal has range of tachometer frequency values represented by the first PWM duty cycle to a minimum tachometer 30 the bin during the second time period ; frequency for fans of multiple fan types ; and determining a predetermined number of top bins associ responsive to determining that the frequency of the ated with the highest respective count values in the tachometer signal output by the given fan while the second data structure ; PWM control signal is less than the minimum 

tachometer frequency for fans of multiple fan types , 35 comparing data representing one or more of the calculated 
provide an indication of a potential failure or per second average frequency , identifiers of the top bins in 
formance degradation of the given fan to the fan the second data structure , and the respective count 
controller . values associated with the top bins in the second data 

5. A method for fan typing and anomaly detection , com structure to the saved reference data ; and 
prising : in response to detecting a discrepancy between the data 

causing a pulse width modulation ( PWM ) control signal representing the calculated second average frequency , 
with a first PWM duty cycle to be provided to an input identifiers of the top bins in the second data structure , 
of a first fan , the first PWM duty cycle being greater or the respective count values associated with the top 
than or equal to a predetermined confidence threshold bins in the second data structure and the saved refer 
duty cycle ; ence data , providing an indication of an anomaly asso 

receiving a tachometer signal output by the first fan while ciated with the first fan to the fan controller . 
the PWM control signal has the first PWM duty cycle , 6. The method of claim 5 , wherein : 
the tachometer signal comprising a pair of pulses for the first fan type is an expected fan type for the first fan ; 
each rotation of the first fan such that the frequency of and 
the tachometer signal expressed in terms of revolutions 50 the method further comprises : 
per minute ( RPM ) is proportional to the speed of the obtaining an identifier associated with a hardware con 
first fan ; figuration of the information handling system ; and 

comparing the frequency of the tachometer signal output determining the expected fan type based on the 
by the first fan while the PWM control signal has the obtained identifier . 
first PWM duty cycle to an expected tachometer fre- 55 7. The method of claim 5 , further comprising : 
quency for fans of a first fan type when receiving a in response to determining that the first fan is not a fan of 
PWM control signal of the first PWM duty cycle ; the first fan type : 

determining , based on the comparison , whether or not the comparing , by a second comparison , the frequency of 
first fan is a fan of the first fan type ; the tachometer signal output by the first fan while the 

providing an indication of whether or not the first fan is 60 PWM control signal has the first PWM duty cycle to 
a fan of the first fan type to a fan controller ; an expected tachometer frequency for fans of a 

calculating a first average frequency of the tachometer second fan type when receiving a PWM control 
signal output by the first fan during a first time period signal of the first PWM duty cycle ; and 
in which the PWM control signal has the first PWM in response to determining , based on the second com 
duty cycle ; parison , that the first fan is a fan of the second fan 

generating a first data structure representing a histogram type , providing an indication that the first fan is a fan 
comprising multiple bins , wherein each bin represents of the second fan type to the fan controller . 
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8. The method of claim 5 , further comprising : compare the frequency of the tachometer signal output by 
determining that the anomaly associated with the first fan the given fan while the PWM control signal has the first 

represents a failure or performance degradation of the PWM duty cycle to an expected tachometer frequency 
first fan ; and for fans of a first fan type when receiving a PWM 

taking corrective action to mitigate the anomaly . control signal of the first PWM duty cycle ; 
9. The method of claim 5 , further comprising : determine , based on the comparison , whether or not the 
determining that the anomaly associated with the first fan given fan is a fan of the first fan type ; 

is frequency - specific ; and provide an indication of whether or not the given fan is a 
configuring the fan controller to avoid one or more fan of the first fan type to a fan controller ; 

frequencies associated with the anomaly . calculate a first average frequency of the tachometer 
10. The method of claim 5 , further comprising , subse- signal output by the given fan during a first time period 

quent to determining that the first fan is a fan of the first fan in which the PWM control signal has the first PWM 
type : duty cycle ; 

causing a pulse width modulation ( PWM ) control signal generate a first data structure representing a histogram 
with a second PWM duty cycle to be provided to an 15 comprising multiple bins , wherein each bin represents 
input of a second fan , the second PWM duty cycle a respective range of tachometer frequency values for 
being greater than or equal to the predetermined con- the tachometer signal output by the given fan during the 
fidence threshold duty cycle ; first time period and each bin is associated with a 

receiving a tachometer signal output by the second fan respective count value indicating the number of occur 
while the PWM control signal has the second PWM 20 rences of a tachometer frequency value for the tachom 
duty cycle ; eter signal falling within the respective range of 

comparing , in a second comparison , the frequency of the tachometer frequency values represented by the bin 
tachometer signal output by the second fan to an during the first time period ; 
expected tachometer frequency for fans of a second fan determine a predetermined number of top bins associated 
type when receiving a PWM control signal of the 25 with the highest respective count values in the first data 
second PWM duty cycle ; structure ; 

determining , based on the second comparison , that the save reference data representing one or more of the 
second fan is a fan of the second fan type ; and calculated average frequency , identifiers of the top bins 

providing an indication that the second fan is a fan of the in the first data structure , and the respective count 
second fan type to the fan controller . values associated with the top bins ; 

11. The method of claim 5 , further comprising : calculate a second average frequency of the tachometer 
prior to comparing the frequency of the tachometer signal signal output by the given fan during a second time 

output by the first fan the expected tachometer period in which the PWM control signal has the first 
frequency , ramping the PWM duty cycle of the PWM PWM duty cycle ; 
control signal up to the predetermined confidence 35 generate a second data structure representing a histogram 
threshold duty cycle from an initial lower duty cycle ; comprising multiple bins , wherein each bin represents 
and a respective range of tachometer frequency values for 

subsequent to comparing the frequency of the tachometer the tachometer signal output by the given fan during the 
signal output by the first fan to the expected tachometer second time period and each bin is associated with a 
frequency , returning the PWM control signal to the 40 respective count value indicating the number of occur 
initial lower duty cycle . rences of a tachometer frequency value for the tachom 

12. The method of claim 5 , wherein causing the PWM eter signal falling within the respective range of 
control signal with the first PWM duty cycle to be provided tachometer frequency values represented by the bin 
to the input of the first fan , receiving the tachometer signal during the second time period ; 
output by the first fan , comparing the frequency of the 45 determine a predetermined number of top bins associated 
tachometer signal output by the first fan to the expected with the highest respective count values in the second 
tachometer frequency , determining whether or not the first data structure ; 
fan is a fan of the first fan type , and providing the indication compare data representing one or more of the calculated 
of whether or not the first fan is a fan of the first fan type to second average frequency , identifiers of the top bins in 
a fan controller are performed in response to an initiation of 50 the second data structure , and the respective count 
a power - on - self - test or a change in a hardware configuration values associated with the top bins in the second data 
of the information handling system . structure to the saved reference data ; and 

13. A non - transitory , computer - readable memory medium responsive to detecting a discrepancy between the data 
including instructions that , when executed by at least one representing the calculated second average frequency , 
processor of an information handling system , cause the 55 identifiers of the top bins in the second data structure , 
information handling system to : or the respective count values associated with the top 

provide a pulse width modulation ( PWM ) control signal bins in the second data structure and the saved refer 
with a first PWM duty cycle to an input of a given fan , ence data , provide an indication of an anomaly asso 
the first PWM duty cycle being greater than or equal to ciated with the given fan to the fan controller . 
a predetermined confidence threshold duty cycle ; 14. The non - transitory , computer - readable memory 

receive a tachometer signal output by the given fan while medium of claim 13 , wherein when executed by the at least 
the PWM control signal has the first PWM duty cycle , one processor , the instructions further cause the information 
the tachometer signal comprising a pair of pulses for handling system to : 
each rotation of the given fan such that the frequency responsive to determining , based on the comparison , that 
of the tachometer signal expressed in terms of revolu- 65 the given fan is not a fan of the first fan type : 
tions per minute ( RPM ) is proportional to the speed of compare , in a second comparison , the frequency of the 
the given fan ; tachometer signal output by the given fan while the 
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PWM control signal has the first PWM duty cycle to 
an expected tachometer frequency for fans of a 
second fan type when receiving a PWM control 
signal of the first PWM duty cycle ; and 

responsive to determining , based on the second com 
parison , that the given fan is a fan of the second fan 
type , provide an indication that the given fan is a fan 
of the second fan type to the fan controller . 
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